Historic,  archived  document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices 


Circular  no.  892 

December  1951  •  Washington,  D.  C 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 


Studies  of  Soil  Moisture  and  Spacing  for  Seed 
Crops  of  Carrots  and  Onions 

Bv  Leslie  R  Hawthorn,  horticulturist,  Division  of  Vegetable  Crops  and  Diseases, 
*  Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering,  Agricultural 
Research  Administration 1 

United  States  Department  of  Agriculture  in  cooperation  with  the 
Utah  Agricultural  Experiment  Station 


CONTENTS 


Page 
Effect  of  soil  moisture  and  spac- 
ing on  onions 

Blasting  of  flowers  and  seeds  _  _  18 

Plant     height     and     seedstalk 

formation 

Time  of  seed  maturity 

Seed  yield *8 

Viability  of  seed *  J 

Weed  growth -         21 

Discussion  and  practical  consid- 
erations        '  *1 

Summary ~* 

Literature  cited zo 


Page 

Introduction J 

Earlier  investigations ^ 

Materials  and  methods. _ * 

Hailstorm  of  1948 ------  b 

Soil-moisture    tension    as    influ- 
enced   by    irrigation,    spacing, 

and  rainfall .  _  _ 

Effect  of  soil  moisture  and  spac- 
ing on  carrots JJ 

Seed  set ------  H 

Plant    height    and    branching- 
habit \i 

Time  of  seed  maturity -  -  J  J 

Seed  yield \% 

Viability  of  seed J° 

Size  of  seed u 

INTRODUCTION 

Oninions  among  growers  differ  on  how  frequently  seed  crops  should 
hpYSed  Hifh,  moderate,  and  low  soil  moisture  are  all  advocated. 
Crons  grown  under  irrigation  respond  differently  under  varymg 
i?&H™Hf  soil  type,  climate,  and  such  cultural  details  as  spacing. 
SffSSrt  and^ueney  of  irrigation  »*~V*ZJ*^ 
profitable  yield  depend  upon  the  combination  of  these  and  perhaps 
other  factors. 
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le  number  of  plants  per  foot.  :    w,     r  unit-area  of  soil,  planned 
or  resulting  froni  poor  stand,  is  also  known  to  affect  the  yield  of  n 
croj  -  rr<I  carro  -  foot  spacing  is  conunon  in  some 

sections,  while  closer  spacing  within  3-foot  rows  is  used  more  often 
mothers.  Different  systems  -pacing  have  likewise  been  practiced 
with  seed  onions. 

Few,    :         .  imports  have  been  published  on  spacing  experiments 

i  onion-seed  crops      §  me  stu  lies       .  _      -     :    the 

t  soil  moisture  have  recently  appeared,  but  they  were      nducted 

-     _.~  --       ::__       I:     "_;---".;"-        \li  :'..   :  ~   " '..      ~_      y.-^  :-Iose]  :'.. .  :. 

normaL  Is  higher  than  usual  might  be  obtained        >vided  the 

plan fcs  re  -  red  an  adequate  sup2  .     >f  water  and  nutrients.     At  the 

{-_:_-  :";■. ".-;  :     h   ::   ;    -:     h--  —  -:-     '....:.-'..  ir\    rt=     y  Kramz 

.  Kh '-    .  H      Tri.        -  H '.'■:' \~         .-.--------:---:-.---'-  max 

Its  f  "considerable  value  could  be  obtained  by  studying  sdi  lul- 
taneously  such  fact*::-  is  sj  ing,  soil  moisture,  and  fertility  in  one 
experiment.  The  experimental  field  designs  necessary  for  studying 
sevei  I  i  rs  :  once  are  much  more  efficient  than  those  required  f  i 
one  factor  alone  and  give  ans~  ers  1  a  everal  questions,  depending  upon 
how  many  factors  are  combined  in  the  study.  II  st  i  the  results 
reported  herein  are  based  on  experiments  in  which  soil  moisture  and 
spacing  have  been  studied  in  combination. 

EARLIER  [rWESTTCGATIONS 

MacGillivray    9)  and  MacGilliirray  and  Clemente    16     .inducted 

irrigation  experimeT-        C  alifornia  -eed  crops  of  onions  and 

ito:?.  :  --    -  "  '  -  '       Thri:   ~   rk  — :  -  -::.:'7-ri.     -^  --  :h~  -i  i  h  —  in 

list    rsed  in  this  publication,  were  begun.    By  chance,  the  va- 

es   used   in    roth  the  California  and  Utah  mvestigatio:.-    were 

identical.    Also  the  number  of  irrigations  applied  in  the  van    is 

treatniei.:-   were    >ften   the   same,  or  nearly  so.    In  the  California 

studies,  how-  :h  crop  was  spaced  uniformly,  and  the  effect   :z 

spacing  was  not  taken  into  consideration.     Soil-nioisture  records  were 

based  on  oven-dried  soil  samples. 

With  Yellow  Sweet  Spanish  onions,  MacGillivray  concluded  that 
high  soil  me  isto  ire.  r  a  minimum  of  10  inch--  i  water  by  irrigati 
in  addition  to  winter  rainfall,  is  desirable  for  high  yields  ..:  D  vis, 
:  Hr  also  found  that  the  germination  and  size  of  the  seed  pro- 
duced were  not  ffe  te  i  by  irri^:  : :  The  soil  data  indi- 
ted  that  during  the  3  months  preceding  seed  harvest  the  available 
soil  moisture       srem     -1  from  die  top  4  :  eet    : -oil 

1:    the  study  with  carrot-seed  eroj  ~        M 
it  w        _  ncluded  that  high  soil  m  isture   favored  high  seed 

i  Is iz-r    :  die  harvested  seed  were  not  notice- 

ffe  treat        ts      Seed  carrots  wesre  found  to  rem  ve 

_  thof  5t       feet 
In  making  soil-moisfc  re  st    lies  it  is  important  to  know  how  the 
soil  mois  ermiued.     W;:k  by  Richards  and  Weaver 

:  numbers  in  parenihes-  -  Literature  Cited,  p.  26. 


SOIL   MOISTURE   FOR   SEED   CROPS  OF  CARROTS   AXD    ONIONS  3 

raid  Kelley.  Hunter,  and  Hobbs  (7)  has  shown  that  there  is  little 
relation  between  soil-moisture  tension  and  a  given  percentage  of 
available  water  in  soil  of  various  textures.  The  tension  more  often 
indicates  how  much  moisture  a  plant  can  remove  from  the  soil. 
Taylor  1 14  I  has  recently  explained  in  simple  terms  the  relationship 
between  plant  growth  and  soil-moisture  tension. 

The  depth  at  which  samples  should  be  taken  is  also  a  problem.  It 
has  been  generally  known  for  some  time  from  the  work  of  Weaver 
and  Bruner  (1-5)  that  the  carrot  has  a  strong,  deep,  extensively  de- 
veloped root  system  and  that  the  onion,  in  contrast,  has  a  shallow, 
fibrous  system  with  a  minimum  of  branching.  As  pointed  out  by 
MacGillivray  and  Doneen  \  11 ) .  however,  in  their  soil-moisture  studies, 
neither  carrots  nor  onions  exhibit  typical  symptoms  of  wilting. 
Therefore,  more  detailed  knowledge  of  their  soil-moisture  require- 
ments is  desirable.  Bouyoucos  and  Mick  ( 1 )  in  1940  described  how 
measurement  of  soil  moisture  could  be  obtained  as  often  as  desired 
by  the  electrical  resistance  in  calibrated  gypsum  (plaster-of-paris) 
blocks  buried  at  suitable  points  in  the  soil. 

In  1942  Richards  [1.2)  described  a  tensiometer  suitable  for  soil- 
moisture  studies.  Later,  the  work  of  Kelley  and  others  ( 6)  indicated 
that  where  periodic  readings  of  soil  moisture  are  desirable  at  various 
depths,  the  Richards  tensiometer  and  the  Bouyoucos  block  are  not 
only  convenient  tools  in  maintaining  such  records  under  field  con- 
ditions but.  because  they  measure  soil-moisture  tension,  they  may 
reveal  better  than  other  devices  how  the  soil-moisture  conditions  are 
actually  affecting  the  plant. 

MATERIALS  AND  METHODS 

The  carrot  experiments  were  conducted  with  the  Red  Core  Chante- 
uay  variety.  Medium-size  stecklings  (1-1%  inches  diameter)  were 
grown  at  the  Utah  Agricultural  Experiment  Station  from  commercial- 
stock  seed.  For  the  onion  experiments,  mother  bulbs  of  the  foundation 
stock  of  the  Utah  strain  of  Yellow  Sweet  Spanish  variety  were  sup- 
plied by  the  Utah  Agricultural  Experiment  Station,  except  in  1950. 
In  that  year  it  was  desirable  to  conduct  the  experiment  with  a  seed-to- 
seed  crop,  and  so  the  Station's  foundation-stock  seed  was  planted. 
The  mother  bulbs  were  about  3  inches  in  diameter.  The  use  of  such 
material  assured  an  above-average  uniformity  of  plant  materials  in 
both  the  carrot  and  onion  crops. 

With  carrots,  the  yield  data  were  collected  from  a  single-row  plot 
50  feet  long  in  1946  but  only  12  feet  long  in  succeeding  years  and 
always  3  feet  wide,  With  onions,  the  plot  length  was  50  feet  in  1946, 
35  feet  in  1947.  194S.  and  1949.  and  32  feet  in  1950.  Guard  row-  sep- 
arated the  record  rows  in  the  adjacent  plots  of  carrots  by  12  feet,  and 
of  onions  by  11  to  12  feet. 

For  one  year.  1946.  separate  experiments  were  conducted  in  spacing 
and  frequency  of  irrigation.  Spacings  with  carrot  stecklings  at  6.  12, 
24.  and  36  inches  in  the  row  were  compared  in  a  randomized-block 
experiment  with  four  replications.  Xo  spacing  study  was  conducted 
with  onions  that  year.    In  a  frequeney-of -irrigation  experiment  with 
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b  onions  and  carrots,  irrigations  at  intervals  of  5,  10.  and  la  days 
were  used. 

Beginning  in  1947.  soil  moisture  and  spacing  were  always  studied 
in  combination.    Haddock  and  Kelley  had  already  begun  their  recently 
rted   Utah   experiments    [3)    to   study  the   interrelationship   of 
.   isture.  spacing,  and  soil  fertility  in  the  production  of  sugar  beets. 
~he  basis  of  their  unpublished  findings  in  1946.  it  seemed  desirable 
to  maintain  a  high  level  of  fertility  in  the  carrot-  and  onion-seed 
experiments  if  the  study  were  to  be  limited  to  spacing  and  soil  moisture 
only.    In  both  experiments,  therefore.  150  pounds  of  P»05  I  approxi- 
mately 300  pounds  of  triple  superphosphate  >  per  acre  and  30  to  35 
pounds  of  nitrogen  i  either  in  the  form  of  ammonitun  sulfate  or  ammo- 
nium nitrate  i  per  acre  were  applied  each  year,  except  in  1950  when 
onnds  of  additional  nitrogen  was  added  in  the  irrigation  water. 

In  1947  and  1948,  the  experiments  were  conducted  on  a  Millville 
gravelly  loam  soil  at  Logan.  Utah.  In  1949.  the  work  was  transferred 
to  a  Millville  loam  soil  at  the  same  location.  In  1950,  the  onion  experi- 
ment was  conducted  on  a  Draper  gravelly  loam  E  at  Farmington.  Utah. 

In  line  with  the  studies  by  Kelley  and  coworkers  [7) ,  soil-moisture 
levels  rather  than  frequency  of  irrigation  were  used  as  the  basis  for 
comparison.  Irrigation  simply  became  a  means  of  maintaining  the 
s  /^-moisture  level  within  certain  limits.  Three  soil-moisture  fevels 
were  arbitrarily  set  up  for  four  experiments :  two  each  for  carrots  and 
oi<  qs.    These  levels  were  as  follows  : 

1 1 1  For  high  levels  the  soil-moisture  tension  was  kept  constantly 
below  500  cm.  at  the  6-inch  depth  in  the  plots  with  the  closest  spacings 
in  1947.  In  194S  and  1949  the  depth  of  measurement  was  changed  to 
18  inches  for  the  carrots  and  12  inches  for  onions.  The  12-inch  depth 
was  used  for  onions  in  1950  also. 

2  For  mediiun  levels  all  plots  were  irrigated  in  1947  when  the 
soil-moisture  tension  at  the  6-inch  depth  was  equivalent  to  the  wilting 
percentage:  in  1948,  1949.  and  1950  the  depth  of  measurement  was 
raised  to  3  inches  in  the  onion  plots  but  left  at  6  inches  in  the  carrot 
plots. 

For  low  levels  the  carrot  plots  were  irrigated  in  1947. 194S.  and 
1949  when  the  soil-inoisture  tension  at  the  24-inch  depth  was  equiva- 
lent to  the  wilting  percentage :  the  treatment  was  the  same  for  onions 
in  1947.  but  in  194^.  1949.  and  1950  the  depth  was  reduced  to  6  inches. 
Also,  in  1950  the  various  soil-moisture  levels  were  maintained  hi  each 
spacing  separately. 

Superimposed  upon  each  moisture  plot  in  the  carrots  were  four  spac- 

_  treatments  within  the  row.  In  1947  these  spacings  were  6.  12.  24. 
and  36  inches :  in  194^  and  1949  they  were  3.  *:'•.  12.  and  24  inches.  The 
treatment-  were  arranged  by  dividing  the  long  1 168  feet  >  soil-moisture 
plot  into  four  plots  each  42  feet  long. 

In  the  onion  experiment,  each  moisture  plot  had  the  following  spac- 
ings between  the  row-  :  In  1947.  20  and  36  inches:  in  1948  and  1949.  20 
30  inches:  in  1950,  9.  1^.  and  36  inches.     From  1947  to  1949.  data 
were  I   r  only  one  row.    In  1950,  one.  two.  and  four  rows  were 

harve-red  froi       ■  -.  18-,  and  9-inch  spacings.  respectively,  embracing 

ssil    i  tion  by  the  Divisi         :  s   i]  Surrey,  of  this  Bureau. 
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an  area  of  uniform  size  from  each  treatment.  Actually,  in  the  so-called 
9-inch  spacing,  the  rows  were  paired,  the  rows  of  each  pair  were  ap- 
proximately 6  inches  apart  and  the  space  between  pairs  was  12  inches. 
The  spacing  treatments  were  superimposed  on  the  moisture  plots  by 
splitting  the  plots  lengthwise.  All  moisture  treatments  were  ran- 
domized within  replications;  and,  except  in  1947.  when  the  spacing- 
plots  in  the  onions  were  arranged  in  strips  across  all  soil-moisture 
plots,  all  the  spacing  treatments  were  randomized  within  moisture 
plots. 

Tensiometers  and  gypsum  (plaster-of-paris)  blocks  were  used  to 
determine  the  soil-moisture  tension.  The  tensiometers  were  used  in 
all  high-moisture  plots  except  in  1950,  when  blocks  were  used.  The 
blocks  were  also  used  in  all  medium-  and  low-soil-moisture  treatments. 
The  measuring  devices  were  always  placed  in  the  row  toward  the 
lower  end  of  the  plot.  They  were  placed  at  the  depths  specified  earlier 
to  determine  when  to  irrigate  and  were  also  arranged  so  that  soil- 
moisture  tension  could  be  recorded  from  a  depth  of  only  3  inches  in 
onion  plots  to  5  feet  in  the  carrot  plots. 

A  bridge  was  used  to  determine  the  electrical  resistance,  in  ohms,  of 
the  gypsum  blocks.  Under  the  conditions  of  these  experiments,  read- 
ings of  600  to  1.000  ohms,  depending  upon  the  composition  of  the 
blocks,  were  obtained  when  the  soil  was  at  approximately  field  capacity 
( following  an  irrigation ) .  When  readings  of  about  100.000  ohms  were 
obtained  it  was  assumed  that  the  wilting  percentage  had  been  reached. 

In  1917,  readings  were  obtained  at  the  two  extremes  of  spacing  in 
both  carrots  and  onions,  as  well  as  at  some  of  the  intermediate  spacings 
in  the  carrot  plots  in  all  replications.  Moisture  values  in  replicate 
plots  were  so  remarkably  similar  that  records  were  believed  necessary 
for  only  three  replications  in  the  following  years. 

Considerable  effort  was  made  to  control  weeds  in  all  soil-moisture 
experiments,  as  it  was  believed  that  a  heavy  weed  growth  could  easily 
lead  to  incorrect  conclusions.  Generally,  the  plots  were  kept  freer  of 
weeds  than  is  considered  practicable  under  commercial  conditions.  In 
the  carrots,  weeds  in  the  row  were  sprayed  while  they  were  still  small 
with  Stoddard  solvent,  the  same  type  of  spray  commonly  used  in  car- 
rot fields  grown  from  seed.  In  the  onions,  weeds  had  to  be  controlled 
by  both  cultivation  and  hoeing  early  in  the  season  and  by  hoeing  alone 
after  seedstalks  made  their  appearance.  It  was  impossible  to  keep  the 
onions  entirely  free  of  weeds. 

Since  the  treatments  often  greatly  influence  the  height  and  growth 
habit  of  the  plants,  notes  were  taken  in  most  years  on  these  character- 
istics. Typical  height  and  the  extremes  of  height  in  healthy  plants 
were  recorded  for  each  plot.  Similarly,  the  branching  habit  in  the 
carrot  was  recorded  by  range  and  mode  of  number  of  branches  ob- 
served on  the  plants  of  a  given  plot  or  treatment.  Only  the  modal 
measurements  are  presented  in  this  report. 

When  the  second-order  heads  of  carrot  were  turning  brown,  the 
plants  were  pulled  and  windrowed.  In  line  with  commercial  practice, 
all  onion  seed  heads  were  cut  or  twisted  off  when  a  scattering  of  black 
seed  was  visible  in  heads  throughout  the  plot,  and  before  any  shatter- 
ing had  occurred.     The  yields  reported  in  this  publication  have  all 


6  CIRCULAR    8  9  2,    IT.    S.    DEPARTMENT    OF    AGRICULTURE 

been  based  on  the  weight  of  seed  harvested,  cleaned,  and  recleaned  in 
accord  with  good  commercial  practice.  A  sample  for  germination 
test4  was  taken  from  each  experimental  lot  of  seed  throughout  the 
course  of  these  studies  by  the  use  of  a  Boerner  sampler,  thus  assuring 
that  each  sample  would  be  representative  of  the  original  lot. 

All  of  the  experiments  were  designed  so  that  a  statistical  analysis 
could  be  made  of  the  data.  The  conclusions  presented  are  based  on 
these  analyses. 

HAILSTORM  OF  1948 

In  1948,  all  experimental  plantings  were  seriously  injured  by  a 
hailstorm  on  July  24.  The  storm  defoliated  the  majority  of  the  carrot 
plants  and  broke  or  injured  many  of  the  seed  heads.  The  developing 
seed  was  still  immature  and  there  w^as  little  shattering.  Probably  the 
most  serious  damage  done  by  the  hail  was  the  defoliating  of  the  plants. 
Carrot  plants  continued  to  mature  despite  the  injuries  sustained. 
Although  it  is  estimated  that  yields  were  cut  35  to  45  percent,  an 
analysis  of  the  data  still  shows  differences  of  statistical  significance 
with  different  sjDacings ;  hence  yields  and  other  data  for  1948  have  been 
presented  with  those  of  other  years. 

The  storm  damaged  the  onions  much  more  seriously  than  the  carrots, 
reducing  seed  yields  by  an  estimated  90  percent.  Seedstalks  and  leaves 
were  snapped  off;  a  completely  uninjured  seedstalk  and  head  was 
rare.  Since  this  work  was  done  with  valuable  foundation  stock,  the 
experiment  was  carried  through  to  completion.  Despite  the  storm 
damage,  the  effects  of  the  soil-moisture  treatments  on  the  seed  yields 
were  measurable,  but  those  attributable  to  spacing  were  not. 

SOIL-MOISTURE  TENSION  AS  INFLUENCED  BY  IRRIGA- 
TION, SPACING,  AND  RAINFALL 

As  already  indicated,  the  frequency  of  irrigation  was  determined 
by  the  readings  of  soil-moisture  tension  at  various  arbitrary  depths 
below  the  soil  surface.  The  data  in  table  1  show  that  the  number 
of  irrigations  was  fairly  uniform  in  all  years  in  both  carrot  and  onion 
plots,  except  in  the  high  soil-moisture  treatment.  Because  of  the 
change  in  treatment  after  the  first  year,  the  number  of  irrigations  for 
high  soil  moisture  was  decreased  in  1948  and  1949.  Although  the  high 
soil-moisture  treatment  in  the  onion  experiment  was  continued  through 
1950  at  the  same  level  as  in  1948  and  1949,  as  many  irrigations  were 
required  in  1950  to  maintain  that  level  as  had  been  necessary  in  1947, 
when  the  moisture  level  had  been  set  much  higher.  Gravelly  subsoil 
undoubtedly  tended  to  create  a  droughty  condition  in  1950. 

4  All  the  germination  tests  were  made  by  official  methods  under  the  direction  of 
E.  H.  Toole,  at  the  Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering, 
Beltsville,  Md. 
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Table  1. — Number  of  irrigations  and  estimated  acre-inches  of  water 
applied  in  each  soil-moisture  experiment  with  carrots  and  with 
onions,  19Jf7—50 

Carrots 


Irrigations 

Quantity  of  water  applied  * 

Soil-moisture 

level 

1947 

1948 

1949 

1950 

1947 

1948  |   1949 

1950 

Num- 

Num- 

Num- 

Num- 

Acre- 

Acre- 

Acre- 

Acre- 

ber 

ber 

ber 

ber 

inches 

inches 

inches 

inches 

High* 

3  13 

7 

19 

11 

6 

Medium 

2 

2 

2 

9 

9 

5 

Low 

1 

1 

0 

6 

6 

0 

Onions 


High  2  4_ 
Medium 
Low4___ 


11 

6 

6 

■il 

16 

10 

10 

1 

1 

2 

63 

3 

4 

8 

0 

1 

0 

1 

0 

5 

0 

14 

12 

5 


1  Estimated. 

2  Lowering  of  the  high  soil-moisture  level  in  1948  and  1949  (see  p.  4)  decreased 
the  number  of  irrigations  needed. 

3  Nitrogen  in  the  form  of  ammonium  nitrate,  at  the  rate  of  33  pounds  per  acre, 
was  added  to  the  water  in  an  attempt  to  overcome  the  chlorotic  condition  caused 
by  frequent  irrigation. 

* 4  All  levels  for  onions  were  slight! v  different  in  1947  from  those  in  other  years. 
(Seep.  4). 

5  There  were  12  irrigations  in  the  plot  with  9-inch  spacing. 

6  There  were  no  irrigations  in  the  plot  with  36-inch  spacing. 

Although  the  quantity  of  water  applied  was  never  measured  in 
these  studies,  a  fairly  accurate  estimate  of  the  acre-inches  used  in  1947 
and  1948  (table  1)  was  obtained  by  calibrating  the  soil-moisture-re- 
tention curves  of  the  soils  used  against  the  moisture-tension  readings. 
The  estimates  given  for  1949  and  1950  are  somewhat  less  accurate,  as 
soil-moisture-retention  curves  were  not  available  and  other  methods 
of  estimating  had  to  be  followed.  More  water  actually  was  applied 
than  is  indicated  by  the  acre-inches  of  water  given  in  table  1,  because 
there  had  to  be  a  slight  runoff.  This  was  always  held  to  a  minimum, 
however. 

Frequent  irrigation  does  not  necessarily  mean  that  a  correspond- 
ingly greater  amount  of  water  is  taken  up  by  the  soil.  For  example, 
had 'the  13  irrigations  given  to  the  high-moisture  plots  of  carrots  in 
1947  (table  1)  added  as  much  water  per  irrigation  as  one  irrigation 
did  in  the  low-moisture  treatment,  then  the  high-moisture  plots  would 
have  received  a  total  of  about  78  inches  of  water  for  the  season.  Al- 
though there  were  obvious  differences  in  the  amounts  of  water  applied, 
there  were  greater  differences  in  the  number  of  irrigations  necessary 
to  maintain  certain  levels  of  soil  moisture. 

The  extent  to  which  the  soil  became  dry  (soil-moisture  tension 
increased)  at  various  depths  with  plants  grown  at  different  spacings 
may  be  observed  in  the  graphs  of  figures  1  and  2,  which  are  typical 
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Figure  1. — Rainfall  and  soil-moisture  tension  in  representative  plots  of  the 
carrot-seed  crop  in  1947  :  A.  High  moisture,  6-inch  spacing.  6-inch  depth  ;  B. 
medium  moisture,  6-inch  spacing.  6-  and  lS-inch  depths  :  C.  low  moisture.  6-inch 
spacing.  12-.  24-.  and  36-inch  depths  ;  D.  low  moisture.  12-inch  spacing.  12-. 
24-.  and  36-inch  depths  :  E.  low  moisture.  36-inch  spacing.  12-.  24-.  and  36-inch 
depths. 

of  a  large  number  constructed  in  connection  with  this  study.  More 
satisfactory  results  were  obtained  with  onions  than  with  carrots,  be- 
cause the  shallower  root  system  of  the  onions  introduced  no  complica- 
tions in  vol  vino;  removal  of  water  from  soil  depths  lower  than  3  feet. 
The  soil-moisture-tension  readings  at  the  lower  depths  in  the  carrot 
plots  were  never  so  completely  satisfactory  as  they  were  in  the  onion 
plots.  In  1047  it  was  obvious  that  the  gypsum  blocks  had  not  been 
placed  deep  enough  in  the  lower  soil-moisture  treatments  to  determine 
how  far  down  the  carrot  roots  were  absorbing  water,  for  the  soil  at 
the  maximum  recording  depth   (36  inches)   in  the  low-soil-moisture 
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Figure  2. — Rainfall  and  soil-moisture  tension  in  representative  plots  of  the 
onion-seed  crop  in  1950:  A,  High  moisture,  9-inch  spacing,  3-  and  12-inch 
depths ;  B,  medium  moisture,  9-inch  spacing,  3-,  9-,  and  24-inch  depths ;  G,  low 
moisture,  9-inch  spacing,  3-,  9-,  24-,  and  36-inch  depths ;  D,  low  moisture,  18-inch 
spacing,  3-,  9-,  24-,  and  36-inch  depths ;  E,  low  moisture,  36-inch  spacing,  3-,  9-, 
24-,  and  36-inch  depths. 

treatment  became  fairly  dry  (fig.  1,  C) .  In  the  latter  part  of  the  1948 
season,  moisture-tension  readings  at  the  lower  depths  failed  to  exhibit 
normal  tendencies,  because  of  the  effects  of  the  hailstorm,  which  al- 
most completely  defoliated  the  plants  and  reduced  their  capacity  to 
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remove  water  from  the  soil.  In  1949,  an  unexpectedly  high  water 
table  vitiated  the  soil-moisture-tension  readings  below  3  feet  and  may 

have  indirectly  affected  the  readings  at  shallower  depths  early  in  the 
season.  In  the  spring,  the  water  table  was  3  feet  below  the  soil  sur- 
face, but  by  midsummer  it  had  dropped  to  •:>  feet  in  most  locations  and 
to  ,;  feet  in  some  places  in  these  fields. 

A  comparison  of  O.  D.  and  E  in  figure  1  shows  that  in  the  low-soil- 
moisture  treatment  during  the  carrot  study  in  194<,  the  closer  the 
plants  were  spaced  the  higher  was  the  moisture  tension  just  preceding 
irrigation.  Had  the  experimental  field  design  permitted,  irrigation 
could  have  been  postponed  in  the  wider  spacings.  Whenever  it  was 
possible  to  reach  the  maximum  arbitrary  moisture  tension  before  ap- 
plying water  in  the  1950  spacing  treatment  of  onions,  the  date  of  the 
single-  irrigation  in  the  low-moisture  plots  was  made  progressively 
later,  as  the  width  between  rows  increased  I  fig.  2.  I  .  D.  and  E  I . 

Figures  1.  A.  B.  O.  and  2,  A.  B.  6.  illustrate  the  type  of  soil-moisture- 
tension  curves  obtained  from  periodic  readings  taken  at  the  same 
spacing  but  for  different  moisture  treatments  hi  the  carrot  and  onion 
experiment-,  respectively.  The  graphs  indicate  that  the  lower  the 
level  of  the  soil-moisture  treatment,  the  greater  is  the  depth  to  which 
the  soil  became  drier,  that  is.  to  which  the  soil-moisture  tension  in- 
creased. In  the  high  soil-rnoisture  treatment  I  figs.  1.  A.  and  2.  A),  it 
was  impossible  to  obtain  any  indication  of  the  greatest  depth  from 
which  the  plants  might  be  absorbing  water.  The  moisture  tension  of 
the  surface  6  and  3  inches  of  soil  for  carrots  and  onions,  respectively, 
fluctuated  within  a  narrow  range,  but  at  a  short  distance  below  these 
depths  the  soil  gave  moisture-tension  readings  equivalent  to  field 
capacity.  However,  as  illustrated  by  figures  1.  C.  and  2.  O.  the  soil  in 
the  low-moisture  treatment  at  depth-  as  great  as  3  feet  in  the  carrot 
plot-  and  2  feet  in  the  onion  plots  was  losing  water  for  some  time 
prior  to  irrigation.  This  became  more  noticeable  as  the  season  ad- 
vanced, indicating  that  the  roots  were  absorbing  water  to  a  greater 
extent  at  the  lower  depths  than  they  had  earlier.  About  the  middle 
of  July  1950.  the  soil-moisture  tension  increased  even  at  a  depth  of 

2  feet  in  the  onion  plots  with  9-inch  spacing  and  medium-moisture 
treatment  |  fig.  2,  B). 

Although  the  evidence  during  the  year-  1947.  1948,  and  1949  is 
unfortunately  inconclusive  concerning  the  soil-moisture  tension  at 
depths  greater  than  3  feet  under  a  carrot-seed  crop,  the  carrot  un- 
doubtedly draws  moisture  from  such  depths.  The  extent  to  which  the 
soil-moisture  tension  increased  at  the  3-foot  depth  in  1947  in  the 
closely  spaced  carrots  in  the  low  soil-moisture  treatment  indicated 
that  the  roots  below  that  point  must  have  been  absorbing  water.     In  a 

"  '  experiment  the  soil-moisture  tension  at  a  depth  of  4  feet  increased 
lust  as  greatly,  which  indicated  that  water  absorption  was  probably 
_      .  at  even  greater  depths. 

Th(  of  rainfall  on  soil-moisture  tension  was  generally  much 

-  than  might  be  expected.  A  single  precipitation  of  about  0.5 
inch  would  only  affect  the  moisture  tension  at  depths  as  shallow  as 

3  or  occasionally  6  inches.     In  194^.  there  was  a  total  precipitation 

he  plots  of  1.8  inches  during  5  -uccessive  days.  June  19  to  23.  The 
resistance  of  a  block  at  the  6-inch  depth  was  12,500  ohms  on  June  17 
and  on  June  2\  it  was  only  1.250.     This  -hows  the  effect  of  the  rain. 
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In  contrast,  a  block  in  the  same  location,  buried  at  12  inches,  gave 
resistance  readings  of  1.850  and  2.500  ohms  for  June  17  and  24^  re- 
spectively. In  spite  of  the  rain,  the  resistance  had  increased,  indi- 
cating that  the  soil  had  actually  become  slightly  drier  at  that  depth. 
_  In  view  of  the  facts  just  stated,  it  is  believed  that  any  precipita- 
tion of  less  than  0.5  inch  was  ineffective  in  adding  materially  to  the 
soil  moisture  unless  there  was  additional  rainfall  on  the  days  immedi- 
ately following,  thus  making  the  over-all  amount  much  greater.  The 
soil-moisture-tension  readings  taken  in  various  treatments  in  both 
carrot  and  onion  plots  following  small  rains  repeatedly  supported 
this  idea.  The  total  precipitation  estimated  to  be  effective  for  the 
crops,  from  the  time  the  plants  were  set  out  in  late  March  or  early 
April,  was  7.95.  8.6L  and  5.20  inches,  in  1947,  1948.  and  1949.  re- 
spectively. In  1950.  in  a  similar  period  from  April  to  August,  in- 
clusive, the  estimated  effective  rainfall  was  4.10  inches.  Rainfall  for 
the  1947  and  1950  seasons  has  been  indicated  in  figures  1  and  2.  so  that 
the  effect  on  the  soil-moisture  curves  may  be  observed. 

EFFECT  OF  SOIL  MOISTURE  AND  SPACING  ON  CARROTS 

Seed  Set 

Each  year  estimates  were  made  of  the  percentages  of  flowers  that 
set  seed  in  the  first-,  second-,  and  third-order  umbels.  The  central 
umbel,  or  head,  of  a  carrot  plant  with  one  central  main  stem  is  spoken 
of  as  first  order :  the  branches  coming  directly  from  the  main  stem  bear 
the  second-order  heads:  and  from  each  of  the  second-order  branches 
several  third-order  branches  with  heads  may  arise.  Fourth-order 
umbels  may  be  observed  on  widely  spaced  plants,  but  they  rarely  pro- 
duce any  appreciable  amount  of  seed. 

A  100-percent  set  of  seed  in  an  umbel  does  not  necessarily  mean 
that  the  yield  from  that  head  will  be  high,  because  the  heads  vary 
in  size.  The  percentage  of  flowers  setting  seed,  however,  does  have 
an  effect  on  the  potential  production  from  the  plant.  Theoretically, 
a  plant  with  comparatively  few  heads  might  produce  a  greater  amount 
of  seed  than  one  with  many.  Thus,  the  data  on  the  extent  of  seed 
set,  while  perhaps  not  of  primary  importance  in  comparison  to  the 
ultimate  amount  of  seed  produced  per  acre,  do  aid  in  understanding 
why  such  yields  are  obtained. 

SOIL    MOISTLUE 

Soil  moisture  had  no  observable  effect  on  the  percentage  of  flowers 
setting  seed.  This  statement  applies  equally  well  to  first-,  second-, 
and  third-order  heads. 

SPACING 

Spacing  had  a  much  more  noticeable  effect  than  did  soil  moisture 
on  the  extent  of  seed  setting.  The  effect  of  spacing  was  greater  than 
that  recorded  in  an  earlier"  report  for  size  of  root  (4).  Flowers  in 
the  central,  or  first-order,  head  of  healthy  plants  nearly  always  set 
seed  100  percent,  regardless  of  spacing.  This  was  also  true  for  the 
majority  of  second-order  heads.  In  1947.  however,  second-order 
heads  on  plants  spaced  6  inches  apart  set  only  about  80  percent  of 
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their  flowers.  In  1918,  when  the  plants  as  a  whole  were  much  smaller 
than  normal,  allowing  much  more  light  to  penetrate  between  them, 
the  second-order  heads,  even  on  plants  spaced  3  inches  apart,  set  prac- 
tically 100  percent. 

The  greatest  differences  in  seed  set  were  observed  in  third-order 
heads.  In  1917.  the  set  on  such  heads  ranged  from'  30  percent  on 
plants  spaced  6  inches  apart  to  95  percent  on  plants  spaced  3  feet 
apart.  In  spite  of  the  introduction  of  the  3-inch  spacing  in  1918, 
seed  set  that  year  on  the  third-order  heads  ranged  from  80  percent 
on  plants  spaced  3  inches  apart  to  95  percent  on  those  spaced  2  feet. 
Of  course,  the  hailstorm  had  an  adverse  effect  on  the  final  yield 
because  it  injured  the  crop  after  most  of  the  seed  was  set. 

Plant  Height  and  Branching  Habit 

soil  moisture 

Soil  moisture  had  only  a  slight  effect  on  the  height  and  the  branch- 
ing habit  of  the  carrot-seed  plant.  It  is  true  that  in  1947  the  plants 
in  all  treatments  were  much  taller  than  in  later  years  (table  2)  and 
that  precipitation  was  above  normal  during  May  and  June.  Al- 
though some  of  the  additional  height  was  probably  caused  by  the 
extra  precipitation,  some  of  the  conditions  associated  with  rainy 
weather,  such  as  cloudiness,  lower  temperatures,  and  high  relative 
humidity,  undoubtedly  had  an  influence  on  the  carrot-plant  growth 
of  that  year. 

Table  2. — Height  and  number  of  main  "branches  of  Red  Core  Chan- 
tenay  carrot-seed  plants  as  influenced  by  spacing.  191+7  through 
1949 


Spacing  in  the  row  (inches) 

Modal  height  of  plants           M*°  ™"* 

1947 

1948 

1949          1947          1948 

3 

Inches 

Inches 
36 
36 
34 
31 

Modal 
Inches       number 

39    

39                 7 

36                9 

33  1            10 

10 

Modal 
number 
6 

6 

52 

50 
42 
41 

7 

12 

8 

24 

9 

36 

The  soil  moisture  during  late  June,  July,  and  August,  when  the 
experimental  treatments  were  being  applied,  had  only  a  slight  effect 
on  plant  height,  and  then  chiefly  in  194".  In  that  year,  the  plants 
spaced  6  inches  apart  had  a  modal  height  of  60  inches  in  the  high 
soil-moisture  treatment,  as  compared  with  only  18  inches  for  plants 
similarly  spaced  in  the  medium  and  low  soil-moisture  treatments. 
The  plants  spaced  12  inches  apart,  likewise,  were  a  foot  taller  (51  as 
compared  with  42  inches)  in  the  wettest  soil  treatment.  Such  differ- 
ences were  extremely  small  in  the  following  years.    It  should  be  re- 
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membered  that  in  the  high  soil-moisture  treatment  not  nearly  so  many 
irrigations  were  necessary  in  1948  and  1949  as  in  1947  (table  1) .  Soil- 
moisture  differences  were  unrelated  to  the  number  of  branches  pro- 
duced. 

SPACIXG 

Spacing  had  a  noticeable  effect  on  both  height  of  plant  and  number 
of  main  (second-order)  branches  produced  by  carrot  (table  2).  The 
closer  the  spacing  the  taller  the  plant,  but  the  fewer  the  branches  it  was 
likely  to  have.  Regardless  of  height,  carrot  plants  tended  to  have 
approximately  the  same  number  of  main  branches  in  any  given  treat- 
ment. As  can  be  seen  from  table  2.  there  was  a  great  difference  in 
height  in  1943  as  compared  with  that  in  1947.  and  yet  the  numbers  of 
branches  each  year  were  identical  in  some  spacings  and  nearly  the 
same  in  others. 

The  tallest  plants  (66  inches)  were  in  the  6-inch  spacing  of  the 
high  soil-moisture  treatment  in  1947.  The  smallest  plants  (27  inches) 
were  recorded  in  several  of  the  wider  spacings  of  both  the  medium- 
and  low-moisture  treatments  in  1948. 

Carrot  plants  grown  from  medium-size  stecklings  had  from  about 
6  main  branches  when  spaced  3  inches  apart  in  3-foot  rows  to  about 
9  or  10  when  spaced  2  or  3  feet  apart  (table  2) .  Detailed  observations 
indicate  that  plants  spaced  as  close  as  3  inches  apart  may  have  as  few 
as  4  main  branches,  but  when  spaced  3  feet  the  number  may  be  as 
high  as  15^ 

Time  of  Seed  Maturity 

soil  moisture 

The  level  of  soil  moisture  had  a  definite  effect  on  the  time  of  seed 
maturity  and.  thus,  indirectly  on  the  time  of  harvest.  In  1946,  when 
irrigations  were  given  every  5.  10.  and  15  days,  the  most  conspicuous 
result  was  the  difference  in  time  of  maturity.  That  year,  plots  irri- 
gated every  5  days  matured  2  weeks  later  than  those  irrigated  every 
15  days.    Results  from  the  10-day  treatment  were  intermediate. 

During  the  years  1947  and  1949.  soil  moisture  had  the  same  general 
effect  as  in  1946.  Plants  receiving  the  least  irrigation  always  flowered 
and  matured  first,  and  those  in  plots  receiving  the  most  irrigation 
flowered  and  matured  last.  The  effect  was  always  most  conspicuous 
during  the  flowering  period.  The  difference  in  time  of  maturity  be- 
tween the  plants  in  the. "dry*'  and  "wet"  plots  varied  from  10  days  to 
2  or  3  weeks.  The  "wet"'  plots  also  usually  required  more  time  to 
become  sufficiently  dry  for  threshing.  This  was  probably  because 
the  plants  had  a  higher  moisture  content,  and  also  the  weather  in 
late  September  or  early  October  was  not  usually  so  favorable  for 
curing  as  that  in  early  September. 

SPACIXG 

Although  spacing  had  a  more  noticeable  effect  than  did  soil  moisture 
on  a  number  of  characteristics,  it  had  no  influence  on  time  of  seed  ma- 
turity, so  far  as  could  be  observed.  Plants  spaced  close  together  ma- 
tured at  the  same  time  as  plants  spaced  widely,  as  long  as  soil-moisture 
conditions  were  the  same. 
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Seed  Yield 


SOIL   MOISTURE 

Soil  moisture  had  a  measurable  effect  on  the  yield  of  recleaned 
carrot  seed  in  2  out  of  4  years.  In  1946,  when  frequency  of  irrigation 
rather  than  soil  moisture  was  studied  in  a  preliminary  way,  there 
was  no  significant  difference  in  the  yield  of  the  seed  obtained.  There 
was  a  tendency,  however,  for  the  carrots  in  the  least  frequently  irri- 
gated plots  to  yield  the  most  seed.  The  numbers  of  irrigations  were 
15,  7,  and  5  for  the  5-,  10-,  and  15-day  frequencies,  respectively.  In 
the  light  of  later  experiments  reported,  the  results  obtained  in  1946 
are  not  surprising.  From  what  is  now  known,  5  irrigations,  or  an 
estimated  total  of  about  10  acre-inches  of  water,  are  excessive  under 
ordinary  circumstances  in  northern  Utah,  especially  for  carrots  spaced 
1  foot  apart  in  3-foot  rows. 

The  seed  yields  resulting  from  the  various  soil-moisture  treatments 
from  1947  to  1949,  inclusive,  are  presented  in  table  3.  The  lack  of 
consistent  results  during  this  3-year  period  may  be  attributed  in  part 
to  the  change  in  treatment  after  1947.  Also,  in  1948  the  hailstorm 
seriously  upset  the  experiment  and  yields  did  not  reflect  any  effect  of 
soil  moisture  that  year.  It  is  estimated  that  the  yields  were  cut  be- 
tween 35  and  45  percent. 

Table  3. — Effect  of  various  amounts  of  soil  moisture  on  the  yield  of 
Red  Core  Chant  enay  carrot  seed,  191fl  through  19 J$ 


Soil-moisture  level 

Irrigations 

Yield  per  acre  1 

1947 

1948 

1949 

1947 

1948 

1949  2 

High 

Number 

13 

2 

1 

Number 
7 
2 
1 

Number 
4 
2 
0 

Pounds 
572 
808 
834 

Pounds 
611 
615 
647 

Pounds 
1,  492 

Medium 

1,  532 

Low 

1,  364 

Least  significant  differ- 
ence at  odds,   19: 1_ 

99 

134 

1  Average  of  all  plots  in  a  given  soil-moisture  treatment  regardless  of  spacing. 

2  Yields  adjusted  for  stand  in  1949. 

In  1947,  high  soil  moisture  (13  irrigations)  resulted  in  572  pounds 
of  seed  per  acre,  a  yield  decidedly  lower  than  that  obtained  in  either 
the  medium  or  low  soil-moisture  treatment.  As  already  indicated,  the 
yield  data  in  1948  meant  little  so  far  as  soil  moisture  was  concerned. 
The  nonsignificant  differences,  however,  were  in  favor  of  less  irriga- 
tion. In  1949,  with  the  carrots  on  a  different  soil  type,  with  a  high 
water  table,  and  with  the  high-  and  low-moisture  treatments  reduced 
to  4  and  0  irrigations,  respectively,  the  lowest  yield  of  seed  was  ob- 
tained from  the  low  soil-moisture  treatment.  This  result  reversed  the 
trend  of  the  previous  years.  Even  then,  the  low-moisture  treatment 
averaged  1,364  pounds  per  acre.    Only  the  yield  (1,532  pounds)  from 


SOIL  MOISTURE   FOR  SEED   CROPS  OF  CARROTS  AND   ONIONS       15 

the  medium-moisture  treatment  with  2  irrigations  significantly  ex- 
ceeded this.  Where  4  irrigations  were  given,  as  in  the  high  soil- 
moisture  treatment,  the  yield  was  1,492  pounds.  While  not  signifi- 
cantly lower  than  the  yield  from  2  irrigations,  this  value  again  sug- 
gested that  high  moisture  content  does  not  give  the  best  yields. 

The  yield  in  grams  of  recleaned  seed  per  plant  closely  paralleled 
that  on  an  acre  basis.  In  1947,  a  plant  in  the  "wet"  soil  treatment 
produced  an  average  of  29.6  gm.  as  compared  with  42.0  gm.  from  a 
plant  in  the  "dry"  soil  treatment.  In  1948,  the  year  of  the  hail,  the 
average  yield  in  all  soil-moisture  treatments  was  about  15  to  16  gm. 
per  plant.  The  seed  yields  per  plant  in  1949  were  similar  to  those  of 
1947  except  that  the  yield  in  the  "dry"  soil  treatment  was  the  lowest 
for  any  year. 

SPACING 

The  differences  between  carrot-seed  yields  resulting  from  variations 
in  spacing  within  the  row  have  always  been  more  distinct  and  con- 
sistent than  those  from  variations  in  soil  moisture  (table  4).  The 
closer  the  spacing,  the  higher  has  been  the  acre-yield  of  recleaned 
seed. 

Table  4. — Effect  of  spacing  on  the  yield  of  Red  Core  Chantenay 
carrot  seed.  19Jp6  through  194-9 


Spacing  in  the  row 

i 

Yield  of  recleaned  seed  per  acre  2 

Final  average 

1946 

1947 

1948 

1949  3 

Initial 

1946  i   1947      1948 

!           ! 

1949 

Inches            Inchesllnches 
3 

Inches 

3.3 

6.4 

12.  3 

24.  5 

Inches 

3.5 

7.  5 

13.  1 

27.0 

Pounds 

Pounds 

Pounds 
778 
730 
627 
363 

Pounds 
1,  815 

6 6.  3 

12 12.3 

24 24.2 

36                                36.  4 

6.9 
15.4 
27.  0 

42.  0 

1,  169 

987 
828 
508 

884 
818 
706 
544 

1,641 

1.  446 
950 

Least  significant  difference: 

Odds,  19  to  1 

Odds,  99  to  1 

66 
94 

131 
176 

67 
90 

89 
119 

1  Stecklings  were  planted  at  the  exact  distances  given  under  the  heading 
''Initial."  Losses  in  stands  each  year  changed  the  spacing.  The  resulting  figures 
for  each  year  are  given  under  the  heading  ''Final  average." 

2  Average  of  all  plots  in  a  given  spacing,  regardless  of  the  soil-moisture  treatment. 

3  Yields  adjusted  for  stand  in  1949. 

In  1946,  when  all  spacings  were  irrigated  alike,  the  yield  ranged 
from  508  pounds  per  acre  where  the  plants  were  36  inches  apart  up  to 
1,169  pounds  at  6  inches.  In  1947  the  trend  was  similar  but  the  range 
was  not  so  wide,  starting  at  544  pounds  for  the  36-inch  spacing  and 
ending  at  884  pounds  at  6  inches.  Even  in  1948,  the  year  of  the  hail- 
storm, there  was  a  range  from  363  pounds  in  the  24-inch  spacing  (the 
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widest  that  year)  to  730  pounds  at  6  inches  and  778  pounds  at  the 
3-inch  spacing  (the  closest) .  Yields  at  all  spacings  were  much  higher 
in  1949  than  in  earlier  years,  ranging  from  950  pounds  at  24  inches  to 
1,641  pounds  at  6  inches  and  1,815  pounds  at  3  inches. 

The  yields  in  grains  per  plant  showed  a  reverse  trend  to  that  ex- 
hibited by  the  yields  per  acre.  The  wider  the  spacing,  the  greater  was 
the  yield  per  plant.  In  1947,  apparently  an  average  year,  the  yield 
per  plant  varied  from  16.2  gm.  of  seed  from  plants  spaced  6  inches 
apart  to  58.2  gm.  from  plants  spaced  36  inches  apart. 


COMBINED   EFFECT   OF    SOIL    MOISTURE   AND   SPACING 

The  yields  obtained  as  a  result  of  the  combined  effect  of  soil  moisture 
and  spacing  are  presented  in  table  5.  These  yields  obviously  show 
a  greater  range  than  where  they  have  been  averaged  only  for  moisture 
(table  3)  or  for  spacing  (table  4).  An  analysis,  however,  of  each  of 
the  3  years'  results  from  the  three  moisture  levels  and  the  several 
spacings  shows  no  significant  effect  of  moisture  upon  the  way  plants 
responded  to  spacing,  nor  a  converse  effect. 

Table  5. — Yield  of  Bed  Core  Chanteney  carrot  seed  per  acre,  as  in- 
fluenced by  the  combined  effect  of  soil  moisture  and  spacing,  19Jfl 
through  191+9 


Soil-moisture  level 


Plant  spac- 
ing in  row 


Yield  of  recleaned  seed  per  acre 


1947 


1948 


1949 


Inches 


Po unds 


High_ 


Medium. 


Low 


3 

6 

12 

24 

36 

3 

6 

12 

24 

36 

3 

6 

12 

24 

36 


710 
645 
509 
425 


877 
913 
806 
634 


065 

895 
802 
574 


Pounds 
796 
693 
585 
370 


Pounds 
1,977 
1,  656 
1,  455 

882 


761 

1,829 

706 

1,701 

643 

1,  545 

351 

1,051 

777 

1,638 

791 

1,566 

652 

1,338 

368 

916 

Least   significant    difference   between 
spacing,  within  moisture  levels: 

Odds,  19  to  1__ 

Odds,  99  to  1 


76 
102 


39 
52 


51 
69 


1  Yields  adjusted  for  stand  in  1949. 

Viability  of  Seed 

The  percentage  germination  of  the  harvested  seed  was,  in  general, 
ittle  affected  by  either  soil  moisture  or  spacing  (table  6).     In  1948 
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the  germination  in  all  soil-moisture  treatments  was  below  80  percent, 
and  this  is  believed  to  be  the  result  of  the  hailstorm  in  that  year. 
Although  there  seemed  to  be  a  difference  in  viability  in  some  years 
between  the  seed  harvested  from  the  various  treatments,  analyses  of 
the  data  failed  to  show  any  significant  differences,  except  in  the  effect 
of  soil  moisture  in  1949.  In  that  year,  the  average  percentage  germina- 
tion of  the  carrot  seed  from  the  high  soil-moisture  treatments,  regard- 
less of  spacing,  was  77.74  percent  in  comparison  with  82.72  percent 
for  the  medium-moisture  treatment  and  83.19  percent  for  the  low- 
moisture  treatment.  Although  there  was  no  significant  difference  in 
germination  between  the  medium-  and  low-moisture  treatments,  the 
germination  record  from  the  high-moisture  treatment  was  distinctly 
below  either  of  them. 


Table  6. — Percentage  germination  of  redeemed  Red  Gore  Chanteney 
carrot  seed  as  affected  by  soil-moisture  conditions  under  lohich  the 
seed  crop  was  grown,  19^6  through  1940 


Soil-moisture  level 

Germination 

1946 

1947 

1948 

1949  » 

High__ 

Percent 
81.  62 
83.  75 
81.  50 

Percent 
91.  25 
89.  62 
89.  54 

Percent 
71.44 
75.38 
74.  92 

Percent 
77  74 

Medium 

82.  72 

Low 

83.  19 

1  Least  significant  difference  (odds,  19  to  1),  3.32.     Other  years  not  significant. 

In  view  of  the  nonsignificance  of  differences  observed  in  1946,  1947, 
and  1948,  together  with  the  comparatively  small  differences  in  1949 
and  the  fairly  general  high  percentage  of  germination  obtained  in 
all  years,  it  may  be  concluded  that  soil  moisture  does  not  have  any 
marked  effect  on  viability  of  recleaned  seed  in  most  years.  Under 
practical  conditions,  if  soil  moisture  is  maintained  at  a  low  or  mod- 
erate level  rather  than  a  high  one,  there  should  be  no  ill  effects  on 
germination. 

The  data  on  the  germination  percentages  associated  with  spacing  are 
not  presented,  because  all  the  differences  were  slight  and  were  not 
attributed  to  spacing. 

Size  of  Seed 

Seedsmen  prefer  moderately  large,  well-formed  seed.  Seed  grow- 
ers who  have  inspected  these  experiments  have  repeatedly  asked  if 
either  water  or  spacing,  and  especially  the  latter,  had  any  effect  on 
the  size  of  seed  harvested.  No  consistent  differences  caused  by  either 
of  these  factors  could  be  discovered.  Such  differences  possibly  may 
exist,  but  if  they  do  they  are  so  minute  that  ordinary  methods  of 
measuring  do  not  reveal  them  and  therefore  the}^  are  of  no  practical 
consequence. 
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EFFECT  OF  SOIL  MOISTURE  AND  SPACING  ON  ONIONS 

Blasting  of  Flowers  and  Seeds 

At  the  beginning  of  these  studies  it  was  expected  that  some  vari- 
able degrees  of  blasting  of  flowers  or  seeds  would  be  encountered  in 
some  of  the  low-moisture  plots,  at  least  in  some  years.  Blasting 
sometimes  causes  serious  losses  to  seed  growers.  It  involves  the  brown- 
ing, death,  and  shriveling  of  flower  or  seed  to  an  extent  ranging  from 
a  small  percentage  to  complete  loss  of  the  flower  or  seed  head. 

Careful  observation  throughout  the  tests  failed  to  reveal  any 
appreciable  or  consistent  amount  of  blasting  that  could  be  ascribed 
to  any  of  the  spacing  or  irrigation  treatments. 

Plant  Height  and  Seedstalk  Formation 

Unlike  the  carrot,  the  onion  showed  virtually  no  effect  of  either 
moisture  or  spacing  on  the  height  of  plant  or  the  number  of  seedstalks 
in  1947,  1948,  or  1949.  In  1950,  with  the  crop  grown  seed-to-seed, 
the  extremely  close  spacing  of  the  onion  plants  in  some  treatments, 
both  in  the  row  and  between  the  rows,  caused  a  slight  difference  in 
plant  height.  Plants  in  the  high-moisture  plots  had  a  modal  height 
of  41  inches;  those  in  medium-moisture  plots,  36  inches;  and  those 
in  the  low-moisture  plots,  35  inches.  However,  an  analysis  of  the 
data  indicated  that  the  differences  were  not  significant.  It  was 
found  that  differences  in  plant  height  under  different  spacing  treat- 
ments were  even  less  than  those  resulting  from  various  degrees  of 
soil  moisture. 

Time  of  Seed  Maturity 

Soil  moisture  had  no  noticeable  effect  on  time  of  seed  maturity  in 
the  onion  crop.  In  the  preliminary  study  in  1946,  there  was  no 
recordable  difference.  In  the  following  years,  including  1950  with 
its  rather  extreme  treatment  differences,  the  onions  in  the  medium 
and  low  soil-moisture  treatments  tended  to  mature  a  day  or  two 
ahead  of  those  in  the  high  soil-moisture  plots,  but  the  effect  was  not 
clear  cut.  The  difference  was  perhaps  most  noticeable  in  1950.  Even 
then,  however,  harvesting  in  the  high  soil-moisture  plots  could  not 
be  postponed  more  than  1  day  after  seed  of  the  other  treatments  had 
been  harvested,  lest  seed  be  lost  by  shattering. 

No  difference  in  time  of  maturity  could  be  attributed  to  spacing. 

Seed  Yield 

There  was  a  distinct  trend  in  1947,  1949,  and  1950  toward  increased 
seed  yields  as  the  spacing  was  narrowed.  Yields  were  also  increased 
at  the  close  spacings  by  maintaining  high  levels  of  soil  moisture  (fig. 
3).  Even  in  1948,  when  the  hailstorm  reduced  the  yields  to  only  10 
percent  of  normal,  there  was  a  distinctly  higher  yield  at  the  highest 
soil  moisture.  As  the  highest  yields  that  year  were  considerablv 
below  100  pounds  per  acre,  the  data  were  not  analyzed  along  with 
(hose  of  the  other  years. 

The  lines  in  figure  3  indicate  that  for  every  inch  the  onion  rows  were 
moved  closer  together  between  36  and  9  inches,  the  yield  of  recleaned 
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Figuee  3. — The  relationship  of  onion-seed  yield  (adjusted  for  differences  in 
years)  and  spacing  at  three  levels  of  soil  moisture  in  northern  Utah,  1947, 
1949,  and  1950. 

seed  increased  by  33.2  ±  5.6  pounds  per  acre  where  the  soil  moisture  was 
maintained  at  a  high  level.  The  corresponding  figure  under  medium- 
moisture  conditions  was  34.2  ±4.5,  and  that  for  plants  grown  under 
low-moisture  conditions,  22.7  ±3.3.  The  analysis  of  the  data  shows 
that  the  difference  between  the  slope  of  the  low-moisture  curve  and 
that  of  either  the  medium-  or  high-moisture  curve  is  highly  significant. 
This  means  that  at  spacings  closer  than  about  30  inches  it  is  im- 
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portant  to  maintain  the  moisture  at  a  high  or  at  least  a  medium  level 
to  obtain  a  yield  of  seed  that  is  relatively  good  for  wide  spacing. 

In  commercial  bulb-to-seed  plantings  of  Yellow  Sweet  Spanish 
onions,  normally  in  rows  33  to  36  inches  apart,  average  seed  yields 
range  from  about  300  to  600  pounds  per  acre.  The  yields  obtained 
in  these  studies  at  a  spacing  of  36  inches  correspond  well  with  such 
commercial  records.  The  studies  also  show,  however,  that  if  onion 
rows  are  spaced  closer  together,  up  to  as  close  as  9  inches  apart,  yields 
of  more  than  1,500  pounds  per  acre  may  be  realized  where  the  soil 
moisture  is  maintained  at  a  high  level,  and  over  1,100  pounds  at  a  low- 
moisture  level.  An  average  yield  of  1,797  pounds  was  obtained  at  the 
9-inch  spacing  in  the  high-moisture  plots  in  these  studies  in  1950 
(fig.  4),  but  this  was  partly  the  result  of  the  seed-to-seed  method, 
which  gives  many  more  plants  per  foot  of  row  and  therefore  normally 
results  in  higher  seed  yields.  At  both  the  medium  and  high  soil-mois- 
ture levels,  seed  yields  from  seed-to-seed  plantings  always  tended  to 
be  somewhat  higher  than  those  indicated  by  the  lines  in  figure  3. 

Although  no  spacings  closer  than  9  inches  were  used,  there  is  evi- 
dence that  the  yields  would  continue  to  increase  as  the  spacings  are  di- 
minished beyond  that  width.  Under  practical  conditions,  placing 
rows  closer  than  9  inches  apart  could  introduce  difficulties  in  crop 
management. 


Figure  4.— A  seed-to-seed  planting  of  Yellow  Sweet  Spanish  onions  at  harvest- 
time,  with  rows  spaced  9  inches  apart,  Farmington,  Utah,  1950.  This  treatment 
was  irrigated  12  times  between  May  20  and  August  16— approximately  once  a 
week.  The  average  yield  of  the  5  replications  in  this  treatment  was  at  the 
rate  of  1,797  pounds  per  acre.  There  were  few  weeds  in  spite  of  the  frequent 
watering. 
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Viability  of  Seed 

The  percentage  germination  of  the  onion  seed  has  been  uniformly 
high  in  all  soil -moisture  and  spacing  treatments  in  all  years.  Usually, 
it  has  been  over  90  percent.  In  1949,  seed  of  the  entire  experiment 
averaged  99/2  percent.  There  were  no  differences  attributable  to 
spacing  or  to  moisture  in  any  year. 

Weed  Growth 

Weeds  are  often  a  serious  problem  in  crops  of  seed  onions.  They 
are  difficult  to  control  in  a  crop  of  bulb  onions,  but  in  seed  onions, 
once  the  seedstalks  are  fully  grown,  it  is  almost  impossible  to  weed  the 
crop  mechanically  or  even  with  hand  tools  without  breaking  many 
stalks  and  leaves.  Considerable  effort  was  made  to  control  weeds 
in  these  experiments,  because  a  heavy  and  persistent  weed  growth 
could  have  affected  soil  moisture  easily. 

From  the  first  year,  it  was  obvious  that  there  was  less  weed  growth 
in  the  plots  with  low  soil  moisture.  A  comparison  of  weed  growth 
in  high  and  low  soil-moisture  plots  is  shown  in  figure  5. 

"When  the  1950  experiment  was  planned,  there  was  considerable 
concern  about  the  problem  of  weeding  the  plots  with  rows  9  inches  or 
18  inches  apart.  However,  except  for  an  extremely  light  weeding 
early  in  the  spring  before  the  onions  had  much  growth,  the  9-inch 
spacing  did  not  have  to  be  weeded  at  all.  This  was  true  even  in  the 
high-moisture  treatment,  which  that  year  required  12  irrigations  in 
the  9-inch  spacing.  The  stand  of  onions  was  too  dense  and  the  re- 
sultant shade  too  great  for  more  than  a  few  weeds  to  exist.  Both 
the  dense  stand  of  onions  and  the  lack  of  weeds  are  well  illustrated 
in  figure  1.  Even  in  the  18-inch  spacing,  the  weeding  problem  was 
not  serious.  The  many  additional  plants  per  row  in  a  seed-to-seed 
planting  provide  an  early  shading  of  a  between-row  space  as  narrow 
as  18  inches. 

DISCUSSION  AND  PRACTICAL  CONSIDERATIONS 

The  results  of  these  studies  suggest  several  practical  and  profitable 
cultural  practices  in  the  production  of  carrot  and  onion  seed.  With 
carrots,  low  soil  moisture  is  often  to  be  preferred  to  high  soil  moisture ; 
with  onions,  high  soil  moisture,  or  at  least  moderate  moisture,  is 
nearly  always  preferable.  Closer  spacing  than  generally  practiced  is 
practicable  and  profitable  for  both  crops. 

The  high  yields  of  carrot  seed  resulting  from  close  planting  of 
stecklings  are  in  general  agreement  with  those  reported  from  seed-to- 
seed  studies  (-5).  In  those  studies,  although  the  stands  were  thicker 
than  in  the  plots  with  3-inch  spacing  reported  in  this  publication, 
yields  were  reduced  when  plants  were  thinned.  For  close  spacing  the 
production  of  the  additional  stecklings  required  and  the  problem  of 
their  storage  are  practical  considerations.  Although  some  reduction 
in  yield  may  be  expected  when  small  stecklings  are  planted  (.£),  their 
use  would  save  storage  space.  Close  spacing  is  an  efficient  practice, 
because  a  given  amount  of  seed  may  be  produced,  thereby,  on  less 
land  than  if  the  plants  are  spaced  more  widely. 
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growth  as  affected  by  soil  moisture  in  the  plots  of  Yellow  Sweet 
us  with  -       feel     part,  Farmington,  Utah.  1950:  A.  Only  1 

irr:_  etween  May  2<»  and  August  16;  B.  11  irrigations  during  the  same 

N  be  li    .:    f  weeds  in  A  and  heavy  weed  growth  in  B. 

Regs  rdless  of  the  technical  relationships  among  available  water. 
isture  tension,  permanent  wilting  percentage,  and  the  quantity 
r  added  either  by  rainfall  or  irrigation,  the  fact  remains  I 
the  use  of  ti  si    re-resisl    nee  bridge  and  gypsum  blocks  offers 

seeds   .en  interested  in  more  efficient  seed-producl 
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practices  a  practical  method  of  knowing-  when  to  irrigate.  One  mois- 
ture bridge  would  normally  be  sufficient  for  a  company's  operations  in 
any  one  locality.  Each  contract  grower  would  need  three  or  four 
gypsum  blocks  for  each  field  of  seed  to  be  irrigated.  A  field  man 
for  the  seed  company  could  easily  check  on  the  soil  moisture  in  any 
one  field  within  15  to  20  minutes,  depending  upon  its  size. 

If  the  results  of  the  experiments  discussed  in  this  circular  are 
taken  as  a  guide,  then  to  maintain  a  low  soil-moisture  condition  in 
the  carrot  plots,  the  blocks  should  be  buried  2  feet  deep  in  the  row 
between  two  plants  normally  spaced.  The  crop  should  be  irrigated 
soon  after  the  average  resistance  of  all  the  blocks  is  about  40.000  ohms. 
Bouyoucos  and  Mick,  in  a  report  on  improyements  in  the  electrical 
resistance  method  (2) .  state  that  a  resistance  of  75,000  ohms  character- 
izes the  permanent  wilting  percentage  of  a  fairly  large  number  of 
widely  different  soils.  On  the  basis  of  these  present  studies,  howeyer, 
the  resistance  increases  so  rapidly  after  passing  40.000  ohms  that  for 
all  practical  purposes  a  grower*  could  prepare  to  irrigate  within  a 
day  or  two  after  resistance  reaches  that  point. 

With  an  onion  planting  maintained  at  a  high  soil-moisture  level, 
the  blocks  should  be  6  inches  deep  and  the  water  should  be  applied 
as  often  as  the  resistance  of  a  majority  of  the  blocks  begins  to  rise, 
or  at  least  by  the  time  the  resistance  reaches  about  1,200  ohms.  With 
onions  spaced  as  much  as  3  feet  between  rows,  moderate  or  eyen  low 
soil  moisture  might  be  as  profitable  as  high  moisture  and  would 
certainly  require  much  less  labor.  Furthermore,  in  some  sections  of 
the  West,  irrigation  water  is  not  always  available  in  the  quantity  or 
as  often  as  required  to  maintain  high  soil  moisture  in  a  field  with 
rows  only  20  inches  apart.  Under  such  circumstances  a  spacing  of  at 
least  30  inches  would  be  advisable.  Blocks  would  then  need  to  be 
placed  3  inches  deep  to  provide  readings  for  medium  soil  moisture  or 
6  inches  deep  for  low  moisture.  Irrigation  should  be  applied  in 
either  case  when  the  resistance  readings  reach  40,000  ohms  or  higher. 

It  was  pointed  out  in  the  discussion  of  the  effect  of  irrigation  on 
soil-moisture  tension  that  to  maintain  the  different  soil-moisture  leyels 
set  up  in  these  experiments  there  were  much  greater  differences  in 
the  numbers  of  irrigations  required  than  in  the  quantity  of  water 
applied.  Every  irrigation  requires  labor.  If  labor  is  relatively  cheap 
and  the  price  of  seed  warrants  it,  close  planting  and  fairly  frequent 
irrigation  of  onions  seem  practicable.  If  labor  is  expensive  or  the 
supply  of  water  limited,  less  frequent  irrigations  could  be  applied; 
and,  even  if  the  onions  are  spaced  closer  than  in  normal  commercial 
practice,  yields  could  still  be  satisfactory,  although  less  than  where 
more  frequent  irrigations  are  practiced.  Minimum  irrigation  would 
reduce  weed  growth  and  thus  further  conserve  labor.  With  carrots, 
where  there  has  been  a  tendency  toward  higher  seed  yields  with  little, 
or  at  the  most,  moderate  irrigation,  the  practice  of  frequently  irrigat- 
ing followed  by  some  commercial  growers  seems  especially  wasteful 
of  labor  and  unprofitable. 

The  conclusion  that  the  soil-moisture  requirement  of  a  carrot-seed 
crop  is  low  rather  than  high  may  seem  at  variance  with  that  of  Mac- 
Gillivray  and  Clemente  (10) .  A  study  of  their  data,  howeyer,  reveals 
that,  although  their  nonirrigated  treatment  resulted  in  the  lowest  seed 
yield  in  2  out  of  3  years,  it  actually  was  not  significantly  lower  in  1 
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^7    of  the  2  years,  when  the  yield?  obtained  were  comparable  with 

se  recorded  in  the  Utah  studies  reported  in  this  publication.    Also. 

in  those  same  :1  years,  the  yield  from  carrots  in  the. high  soil-moisture 

itment  of  the  California  experiments  failed  to  exceed  that  from 

the  medium  soil-moisture  treatment  by  a  significant  margin.     This 

old  suggest  that  actually  there  may  be  more  agreement  between  the 

results  of  the  California  and  Utah  studies  than  appears  at  first  glance. 

It  would  be  natural  to  expect  some  differences  in  view  of  the  different 

climatic  and  soil  conditions  existing  at  the  two  test  localities. 

Hie  results  of  the  study  with  onions  make  the  yield  data  reported 

y  MacGillivray  in  1948    9    more  understandable.    In  spite  of  a  trend 

toward  higher  seed  yields  when  the  soil  moisture  was  maintained  at 

a  high  level  in  onions  with  row-  spaced  3  feet  apart,  the  differences 

between  the  various  treatments  were  not  always  statistically  signifi- 

nt.     In  the  light  of  the  Utah  study  here  reported,  it  is  now  apparent 

that  although  seed  onions  respond  to  high  soil  moisture  by  producing 

high  yields,  this  result  is  usually  more  noticeable  when  the  onions  are 

-       rd  close  together.    The  differences  in  seed  yield  between  widely 

ed     ntions  grown  at-  different  moisture  levels  are  likely  to  lack 

sign::: 

SUMMARY 

StecfcEngs  grown  from  commercial-stock  seed  of  the   Bed   Core 
Chantenay  carrot  and  mother  bulbs  of  the  foundation  stock  of  Yellow 
Sweet  Spanish  onion  were  planted  in  a  se: ies    ;  experiments  from  1946 
to  1949  at  Logan.  Utah,  to  determine  the  effect  of  soil  moisture  and 
5]     ::ng  on  the  growth,  time  of  maturity,  seed  yield,  and  viability  of 
carrot  and  onion  crops  grown  for  seed.     Beginning  in  1917.  all  the 
sriments  were  factorially  designed,  thus  greatly  increasing  the 
efficiency  of  the  studies,  as  well  as  allowing  for  a  determination  of  the 
effect  of  the  two  factors  in  combination.    In  order  to  obtain  extremely 
se  plantings  with  onions,  the  seed-to-seed  method  of  culture  was 
sed  in  an  experiment  at  Farmington.  Utah,  in  1950.     In  all  experi- 
ments after  1947.  soil-moisture  treatments  were  not  only  based  on 
certain  arbitrary  soil-moisture  tensions,  but  records  of  soil-moisture 
sion  were  maintained  from  a  depth  as  shallow  as  3  inches  with 
onion-  to  as  deep  as  5  feet  with  carrots  by  means  of  tensiometers  and 
Bouyoucos  block-. 

-m    isture  tension  increased  progressively  to  depths  as  great  as 

4  feet  with  carrots  and  2  feet  with  onions  when  these  plants  were 

n  f<  r  seed. 

A  hailstorm  in  1948  was  severe  enough  to  defoliate  the  carrots  al- 

st  entirely  at  the  time  they  had  about  finished  setting  seed,  reducing 

yields  an  estimated  3o  ro  45  percent.    There  was  an  estimated 

-    ercent  reduction  of  seed  yield  in  adjacent  onion  plots. 

S<  :1  moisture  had  no  measurable  effect  on  the  percentage  of  carrot 

on  individual  heads,  but  close  spacing  definitely  reduced  the 

_     set  on  third-order  heads,  and  in  1  year  even  on  second- 

3. 

The  effect  of  soil  moisture  on  height  and  branching  habit  of  carrot 
plants  was  negligible,  but  the  effect  of  spacing  was  definitely  notice- 
able.   The  closer  the  spacing  the  taller  was  the  plant,  but  the  fewer 

the  branches  it  was  likely  to  have. 
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Low  soil  moisture  hastened  carrot-seed  maturity  as  much  as  2  weeks 
or  more  as  compared  with  date  of  maturity  in  the  high  soil-moisture 
treatment. 

Spacing  had  no  effect  on  the  time  of  maturity  of  carrot  seed. 

Generally,  low  soil  moisture  favored  a  high  seed  yield  in  carrots. 
Iu  4  years  of  testing,  there  was  never  a  clear-cut  advantage  in  favor  of 
high  irrigation,  and  in  only  1  year  (1949)  did  the  medium  soil- 
moisture  treatment  result  in  a  higher  yield  of  seed  than  that  obtained 
from  the  low  soil-moisture  plots. 

Close  spacing,  up  to  3  inches  within  the  row,  definitely  favored 
higher  seed  yields  with  carrots.  Yields  attributable  to  spacing  in 
the  3  years  without  hail  varied  from  a  low  of  508  pounds  per  acre 
in  the  36-inch  spacing  in  1946  to  a  high  of  1,815  pounds  in  the  3-inch 
spacing  in  1949. 

The  percentage  germination  of  carrot  seed  was  little  affected  by 
either  soil  moisture  or  spacing.  Only  in  1949  did  an  analysis  of 
the  data  reveal  any  real  difference.  This  was  due  to  high  soil  mois- 
ture, which  evidently  reduced  the  percentage  germination  of  the  seed 
to  77.7  percent  in  comparison  with  about  83  percent  for  seed  from 
the  other  soil-moisture  treatments  that  year. 

Neither  soil  moisture  nor  spacing  had  any  measurable  effect  on 
the  size  of  carrot  seed. 

Neither  soil  moisture  nor  spacing  had  any  measurable  effect  on 
blasting  in  onions.  In  most  years,  even  in  the  low  soil-moisture 
treatment,  all  evidence  of  blasting  was  absent. 

Neither  soil  moisture  nor  spacing  had  any  measurable  effect  on 
the  height  of  onion  plants  or  the  number  of  seedstalks  per  plant  in 
bulb-to-seed  crops.  In  a  seed-to-seed  crop,  rows  as  close  as  9  inches 
and  low  soil  moisture  tended  to  cause  plants  to  be  several  inches 
shorter  than  where  the  spacing  was  wider  and  the  soil  moisture 
somewhat  higher;  but  the  differences  between  treatments  were  not 
significant. 

Neither  soil  moisture  nor  spacing  had  any  noticeable  effect  on  the 
time  of  onion-seed  maturity.  At  the  most,  the  onions  in  the  low- 
and  medium-moisture  treatments  were  about  1  day  earlier  than  those 
in  the  high-moisture  treatment. 

For  every  inch  the  onion  rows  were  moved  closer  together  between 
36  and  9  inches,  the  yield  of  recleaned  seed  was  increased  33.2  ±5.6, 
34.2  ±4.5,  and  22.7  ±3.3  pounds  per  acre  under  conditions  of  high, 
medium,  and  low  soil  moisture,  respectively.  A  yield  of  nearly  1,800 
pounds  of  seed  per  acre  was  obtained  from  seed-to-seed  onions  grown 
in  rows  averaging  9  inches  apart  in  the  high  soil-moisture  treatment 
in  1950. 

In  general,  high  soil  moisture  favored  high  yields  of  onion  seed, 
especially  in  plantings  with  the  rows  spaced  less  than  30  inches  apart. 
At  wider  spacings  the  advantage  was  not  always  clear-cut,  but  at  a 
30-inch  spacing,  onions  yielded  highly  viable  seed  at  a  rate  of  about 
600  pounds  per  acre,  even  under  low  soil-moisture  conditions. 

Neither  soil  moisture  nor  spacing  had  any  effect  on  the  percentage 
germination  of  the  onion  seed  harvested. 

Weed  growth  was  much  reduced  by  close  spacing  in  onions  and  was 
practically  eliminated  even  in  the  high  soil-moisture  plots  when  the 
onion  rows  were  spaced  an  average  of  9  inches  apart.     In  the  low 
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soil-moisture  plots  of  any  spacing,  weed  growth  was  always  con- 
siderably less  than  where  higher  moisture  conditions  prevailed. 
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